Both the efficiency of an implosion and the growth rate of hydrodynamic instability increase with the aspect ratio of an implosion. In order to study the physics of implosions with high Rayleigh-Taylor growth factors, we use doped ablators which should minimize x-ray preheat and shell decompression, and hence increase in-flight aspect ratio. We use x-ray backlighting techniques to image the indirectly-driven capsules. We record backlit 4.7 keV images of the full capsule throughout the implosion phase with 55 ps and 15 pm resolution. We use these images to measure the in-flight aspect ratios for doped ablators, and we inferred the radial density profile as a function of time by Abel inverting the x-ray transmission profiles.
Introduction
In indirectly driven inertial confinement fusion (ICF)', a fusion capsule is bathed in soft x-rays created inside a hohlraum. The x-ray drive ablates material from the outer capsule surface, causing the capsule to implode and compress the fuel. Both the efficiency of the implosion and the growth of hydrodynamic instabilities at the ablation surface (Rayleigh-Taylor instability)' vary with the aspect ratio of the imploding caps~le.~"' Fuel filled capsules illuminated by a soft x-ray drive may suffer from preheat due to the x-rays. In order to maintain a low adiabat for the fuel during the implosion, it is necessary to shield the fuel from the x-ray drive. This is done by introducing dopants in the capsule ablator material. me dopant added to the ablator prevents the x-ray drive frompreheating the capsule, and as a result, maintains a sharper density gradient and improves both the implosion efficiency and hydrodynamic instability growth.
To characterize the implosion efficiency and the hydrodynamic instability, we use x-ray backlighting to measure to measure the in-flight areal density of the pusher in an x-ray driven imploding capsule. Previous images of an indirectly driven implosion were used only to provide a measure of the implosion velocity and low-mode distortion6. We show large area backlit images that we use to perform radial intensity lineouts and to unfold a radial density profile.
X-ray backlighting on Nova
We used x-ray backlighting techniques7 to image an x-ray driven implosion capsule on the Nova laser8. We used plastic capsules that consisted of a 3 p m thick polystyrene shell. They had a 3 pm thick layer of polyvinyl alcohol (PVA), and a 34 pm thick ablator layer coated on the outside. The overall diameter was about 510 pm. The ablator was a germanium-doped (Ge-doped) polystyrene with 2.5% Ge dopant, and the capsules were filled to 50 atm pressure with an equal mixture of hydrogen and deuterium.
The backlighter target is shown in Figure 1 . The ICF capsule was placed at the center of a cylindrical gold hohlraum that was 1.6 mm in diameter and 2.5 mm long.
There were two 650 pm diameter diagnostic access holes in the hohlraum, positioned on opposite sides at the midplane of the hohlraum. These were covered with 150 p thick CH foils. A Ti backlighter disk was positioned approximately 3 mm from the center of the hohlraum, collinear with the capsule and diagnostic holes, and aligned to be collinear with the diagnostic line of sight for backlit imaging.
In these experiments, we used 8 beams of Nova at 0.35 pn to create an x-ray drive in the hohlraum. The beams were pointed inside the hohlraum through the laser -2-a entrance holes so that they were distributed symmetrically around the azimuth of the hohlraum with a four-fold rotation symmetry. We used a 2.2 ns shaped laser pulse that had an intensity contrast from the foot to the peak of about 1:6 (Figure 2 ). A total of about 25 kJ of. laser energy was delivered into the hohlraum, with a peak laser power of about 23 TW. The x-ray drive temperature in the hohlraum is shown in Figure 2 . It peaks at about 200 eV at 1.8-2.0 ns.
We used two beams of Nova at 0.53 pm for the backlighter. These were configured with random phase plates, and focused with a -700 p m focal spot on the Ti backlighter foil at about 5~1 0 '~ W/cm2 to generate a large area x-ray backlighter. The laser pulse shape on these two beams was 2 ns square, which gave us a constant intensity of Ti K-shell x-rays. By using a 12 pm Ti filter, the backlighter spectrum, is nearly monochromatic, principally in 4.7 keV emission from the ls2p-l~'-line of Ti
We recorded radiograph images of the fusion capsule at various times during the implosion using a gated x-ray framing We adjusted the timing of the backlighter beams in order to record images over approximately 3 ns. The camera had a full width at half maximum gate width of 55 ps. We used an array of 10 pm pinholes a t 8X magnification. We overlaid a 250 pm thick collimator with 50 j..l.m diameter holes on the pinholes to limit the hard x-ray background in the images. In addition, the CH foils over the backlighter diagnostic holes were used to fill the hohlraum with low Z plasma and tamp the flow of gold plasma into the line of sight of the diagnostic.
Backlit images of an implosion capsule Figure 4 shows a series of backlit images. These images are shown corrected for the diagnostic flat-field and for the spatial intensity profile of the x-ray backlighter.
We imaged the backlighter foil from the rear side using a second x-ray framing camera. The Ti backlighter foil w a s 12 pn thick so that these images of the foil were filtered indentically to the backlit images of the implosion capsule. We used the flatfield characterization of the gain degradation in each stripline for both framing cameras to provide flat-field corrected images of the backlighter intensity profile and of the implosion capsule. We divided the backlit images of the implosion capsule by the spatial profile of the backlighter.
We tested that the backlit implosion images were monchromatic by measuring the t0 contrast of the capsule shell. We compared the fractional transmission of backlighter x-rays through the center of the capsule with the unattenuated backlighter intensity.
Based on the composition of the Ge-doped capsule shell, the calculated transmission through two times the total wall thickness is about 0.47. For the image shown above in Figure 4a , we measured a fractional transmitted intensity of 0.45 in the center of the image.
In-flight pusher density profile
The images shown in Figure 4 were obtained on two Nova target shots. For each shot, the capsule had an initial outer radius of 255 pxn. We performed a radial lineout of each image, averaging in the azimuthal direction. For images where we had a view of unattenuated backlighter around the full azimuth, we averaged around the full 360". For others where the capsule was partially ecliped by the diagnostic holes, w e were limited to a smaller section of the azimuth.
We performed an Abel inversion of the radial lineouts by assuming that the capsule is spherically symmetric, and that the images are monochromatic. The resulting inversion is the product of opacity times density.
We show the inversion of one lineout at k1.0 ns in Figure 5 , overlaid with results from a simulation. We used Lasnex" to model the implosion of the Ge-doped capsule.
We calculated the conditions of the pusher in the Ge-doped capsule implosions, and post-processed the Lasnex output to generate a simulated image with the backlighter -4-spectrum shown in Figure 4 at a time of 1.0 ns into the hohlraum drive. This image was then convolved with the instrument resolution using a 10 pn pinhole and unfolded by
Abel inversion using the same assumptions about spherical symmetry and monochromatic imaging.
The radial lineout shown in Figure 5 is from a backlit image at t=1.0 ns. At this time, the sequence of images in Figure 4 shows that the outer shell starts to accelerate inward. It reaches half the initial radius at about 2.0 ns. At 2.5 ns, it is compressed to a radius of 50 pm. Note that the spatial blurring due to a framing camera gate pulse of 55 ps is <3 p m at t=1.0 ns. At 2.0 ns, when the radius of the shell is imploding at about 150 pm per ns, the spatial blurring is 8 pm.
The shock preheated ablator is <<lo0 eV. As a result, the opacity of the Gedoped ablator material (L-shell Ge and K-shell carbon) is nearly identical to the cold material opacity at the backlighter energy of 4.7 keV. If we divide the Abel inverted lineouts by the cold opacity for Ge-doped polystyrene, then these lineouts represent the density profile of the capsule pusher. They provide a measurement of the radius and the aspect ratio as a function of time. We plot the radial density profile calculated by
Abel inversion for several times in Figure 6 . Note that we have smoothed the inverted lineouts at small radius. The azimuthal average smooths the radial lineout at large radius, but we are dominated by the noise statistics and speckle of the backlighter profile at small radius.
We measured the radius of the half maximum density on the outer edge of the Abel-inverted lineouts. This is shown in Figure 7 , plotted with the aspect ratio which we calculate as the average radius to the full width at half maximum of the radial density profile for each time. The hohlraum drive temperature is also shown in the graph for timing.
Summary
We have used x-ray backighting techniques to record images of an indirectly driven ICF capsule on Nova. These large area images of the full capsule provide quantitative information about the in-flight pusher density profile as a function -of time.
This technique may be used to characterize the in-flight aspect ratio of capsules, providing information about the efficiency and hydrodynamic instability of an implosion. 
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